To test the hypothesis that three measures of body morphology would be differentially correlated with and predictive of coronary artery calcification. DESIGN: Cross-sectional analytic study of body mass index (BMI), central adiposity ('visceral fat') and total body percent fat. SUBJECTS: In a total of 3028 healthy, free living men and women (mean age and BMI: 56.7 and 27.0, respectively). MEASUREMENTS: Coronary calcification and visceral fat (VF) content was measured using electron beam computed tomography while percent body fat (BF) was determined using bioimpedence. RESULTS: In men, the median coronary calcium score increased from 6.7 for a BMI r24 to 30.9 for a BMI Z30; from 3.6 to 46.4 between the first and fourth quartile of VF; and from 1 to 97.6 for the same in BF. There were no significant increases in calcium scores in women for any of these indices. There were also no significant age-adjusted correlations between BMI, BF and VF with the extent of coronary calcium in either gender. On multivariable logistic regression analysis, men with a BMI in the third and fourth quartiles had 1.64 and 2.01 times increase in risk, respectively, for the presence of any coronary calcium compared to those in the first quartile (Pr0.01 for both) while men in the highest quartile for VF had a 63% increase in this same risk (P ¼ 0.04). For women, a BMI in the fourth quartile was associated with a 68% increase in risk for the presence of any coronary calcium (P ¼ 0.01). CONCLUSION: BMI is a significant predictor of coronary calcium. In men, central adiposity is also an independent predictor. These findings lend further support to weight control for coronary disease prevention.
Introduction
The prevalence of obesity in the US has increased dramatically from 1988 to 2000. 1 Excessive deposits of adipose tissue is linked with an increased risk for hypertension, 2,3 type-II diabetes mellitus 4, 5 and hypercholesterolemia, 6, 7 all of which are associated with an increased risk for incident coronary heart disease (CHD). Previous studies have identified an increase in CHD risk for those individuals with central obesity compared to those with diffuse adiposity. 8 This risk is particularly pronounced in those with concomitant insulin resistance, hypertension, low HDL cholesterol and small, dense low-density lipoprotein cholesterol (LDL-C) LDL cholesterol ('Metabolic Syndrome'). 9 Electron beam computed tomography (EBCT) is a reproducible, 10 noninvasive screening procedure that can determine the extent of calcification in the coronary circulation.
The total amount of coronary calcium (CAC) is a measure of total coronary plaque burden, 11 which has been found to be a powerful predictor of future coronary events. [12] [13] [14] CAC can also be used in conjunction with high-sensitivity C-reactive protein (CRP) for this purpose in nondiabetic subjects. 15 In some studies, EBCT has been shown to be superior to coronary angiographic measures in predicting subsequent cardiac end points such as cardiac death or nonfatal MI. The purpose of this study was to test the hypothesis that the body morphology measures of body mass index (BMI), total body fat and central adiposity would be significant predictors of prevalent CAC above that provided by the traditional cardiovascular risk factors in a free-living population. Additionally, we hypothesized that body morphology would add to the discriminatory power of the traditional risk factors for the presence of CAC.
Methods

Subjects
From March 2001 to May 2002, 3,028 ambulatory patients presented for preventive medicine services at a private, university affiliated disease prevention center in La Jolla, California. EBCT scanning for CAC and intra-abdominal ('visceral') fat content was determined for all patients. These patients were also assessed for percent body fat (BF) and BMI at presentation. Most patients were asymptomatic and selfreferred or were referred by their primary physician as a supplement to their routine medical care.
All patients completed a detailed health history questionnaire prior to undergoing the scanning procedure. Smoking status was defined as current, former or never. Diagnoses of hypertension, hyperlipidemia and diabetes were identified by self-report and current use of antihypertensive, cholesterol lowering or antiglycemic medications, respectively. Family history of CHD was defined as a CHD event prior to age 55 y in a first-degree relative. Patients who had a history of coronary heart disease-related surgery (i.e. stent placement, coronary artery bypass graft) were excluded from the study.
The study protocol complies with the Declaration of Helsinki and was approved by the committee for protection of human subjects at San Diego State University who granted a waiver for informed consent.
Imaging
All patients underwent EBCT imaging with an Imatron C-150 scanner utilizing 100-ms scan time and electrocardiographic triggering at 40-65% of the R-R interval, depending on the subject's heart rate. Approximately 40-45 slices of the each subject's heart were obtained using 3 mm slices starting at the level of the carina and proceeding to the level of the diaphragm. CAC scoring was performed by one of us (MAA) or a computed tomography technician using the method described by Agatston et al. 16 Coronary calcification was defined as a plaque of opixels (area ¼ 1.37 mm 2 ) with a density of Z130 Hounsfield units.
Laboratory
Visceral fat (VF) content was determined by obtaining a 6 mm EBCT slice through the umbilicus. BMI was calculated with the patient lightly clothed (without shoes). Body fat measurement was conducted using bioimpedence on the Omront HBF-300.
Statistical analysis
The outcome variable for this study was coronary calcium score (CCS). The primary exposure variables were abdominal VF content, BMI and total BF. Covariates included age, gender, LDL-C, high-density lipoprotein cholesterol (HDL-C), total cholesterol (TC), diagnosis of hypertension, diabetes mellitus or hyperlipidemia, tobacco use status and a history of premature coronary heart disease in first-degree relative. Age, LDL-C, HDL-C, TC, VF, BMI and BF were analyzed as continuous variables. Sex-specific quartiles were also used for analysis of BMI, VF and BF in the regression analyses. The remaining predictor variables were analyzed as dichotomous variables.
Attempts to transform the CAC using log transformation and other techniques failed to normalize the distribution of this variable. This was due to the large proportion of the sample that had a calcium score of zero and caused a large spike in the distribution, which is extremely resistant to transformation. Coronary calcium scores were therefore dichotomized (ie presence or absence of calcified plaque) for use in logistic regression. We also categorized CCS into four groups: 0, 1-160, 160-400 and 4400 for use in ordinal logistic regression to determine if the predictor variables are associated with increases in CCS. Prior studies have shown these cut-points to have significant sensitivity and specificity. 17 Comparison of group medians for categorical variables was conducted using the Wilcoxon rank sum test. Univariate associations for the continuous variables were calculated using simple and partial Spearman rank correlations. In order to determine the predictive significance of each of the predictor variables for the presence of CAC, univariable logistic regression was conducted. Multivariable logistic and ordinal regression was then performed by including the traditional cardiovascular risk factors in models with BMI, BF and VF in order to test the predictive power of these parameters over the risk factors. Receiver operator characteristic (ROC) analysis was performed to determine the increase in discriminative ability that was afforded by the body morphology indices in addition to the cardiovascular risk factors.
All analyses were performed on the entire cohort and then stratified by gender. Patients evaluated at the center more than once were included with their original study data only. Logistic regression models were assessed using the HosmerLemeshow goodness-of-fit test, while ordinal regression analyses were assessed using the Score test of proportional odds. A significance level of 0.05 was used for all analyses. All statistical analyses were conducted using SAS version 8.0 s (Cary, NC, USA).
Results
The characteristics of the study sample are provided in Table 1 . Men comprised 55% of the study sample. Men had a higher average BMI and VF while women had a higher total BF. Men had a higher proportion of body fat attributed to central adiposity as evidenced by the larger VF to BF ratio (3.9 vs 1.6, men vs women). Hypercholesterolemia was diagnosed in 21.6% while hypertension was present in 24.6% of the entire sample. More than 20% of men and women had a positive family history for premature CHD. A total of 17% of women reported current use of hormone replacement therapy (HRT).
Nearly 60% of women and 30% of men were found to be free of CAC. The majority of subjects had a CCS of r100
Body morphology and coronary calcium MA Allison and C Michael Wright (65.3% of men, 85.2% of women). The median calcium scores per body morphology category are presented in Figures 1 and 2 . In men, there was a trend for increasing calcium scores for all of the measures of body morphology. Conversely, the median calcium scores for women were zero for nearly all levels of these measures. Only the upper quartiles of BF, VF and VF/BF ratio were found to have CAC scores above zero. The highest median CCS was found in men within the upper quartile of BF (97.6).
Age-adjusted correlations for coronary calcium score and the three measures of body morphology are presented in Table 2 . For both genders, the correlations were weak but statistically significant between all the measures and CCS (Po0.05). Controlling for HDL-C and triglycerides, as well as for the traditional cardiovascular risk factors, minimally attenuated these correlations (data not shown). The correlations between all measures of body morphology were highly significant and higher in women than in men. Adjustment for the same variables as cited above did not significantly change any of these correlations.
BMI, BF and VF were all significant (Po0.001) univariable predictors on logistic regression for the presence of any CCS in both genders. In men, a BMI in quartiles 3 or 4 was associated with a 1.41 and 2.06 times increase in risk, respectively, for CAC compared to those with a BMI in the first quartile. Similarly, the upper quartile of both BF and VF were associated with odds ratios (ORS) of 4.4 and 2.7, respectively, for the presence of CAC when compared to those in the lowest quartile. In women, a BF and VF in the upper quartile was associated with an OR of 5.1 and 3.2, respectively, while a BMI in the fourth quartile was associated with a 2.7 times increase in risk for prevalent CAC. For all of these measures there was a trend for increasing ORs up to the levels presented above.
The results of the multivariable logistic regression analyses are presented in Table 3 . In men, all three measures were significant predictors of the presence of CAC after controlling for the traditional cardiovascular risk factors. Every 3 U increase in BMI or 5 U increase in BF was associated with a 27 or 23% increase in risk for the presence of CAC, respectively. Individuals with a BMI in the fourth quartile had a two-fold increase in this risk compared to those with a BMI in the first quartile (Pr0.01). Additionally, having a VF in quartiles 3 or Body morphology and coronary calcium MA Allison and C Michael Wright 4, as well as a BF in quartiles 2 or 3 (but not 4), was significantly associated with increased ORs for the presence of CAC. In women, a BMI in quartile 4 was the only body morphology measure that was significantly associated with an increased risk for CAC (OR ¼ 1.68, P ¼ 0.01). In this group, an increase in BMI by 3 U was significantly associated with a 15% increase in risk for the presence of CAC. The results of the ordinal regression analyses were similar in pattern and magnitude of association to those found for logistic regression using a dichotomous outcome. In men, the risk for an increasing amount of CAC was significantly associated with BMI, BF and VF, while in women none of these parameters were significant predictors of CAC. There was an approximate linear increase in risk by BMI quartile in men where the odds ratios increased from 1.28 (Q2) to 1.47 (Q3) to 1.76 (Q4) (P ¼ 0.1, 0.01 and o0.001, respectively). Unlike the logistic regression results, BF quartiles 3 and 4 (but not 2) were significantly associated with increasing amounts of CAC (OR ¼ 1.39 and 1.9, P ¼ 0.03 and 0.02, respectively) on ordinal regression.
On ROC analysis in men, the area under the curve (AUC) was 0.57 for BMI, 0.64 for BF, 0.592 for VF and 0.780 for the traditional cardiovascular risk factors. When the risk factors were combined with each individual body morphology parameter into a single model, the AUC increased to 0.787 for BMI, 0.783 for BF and 0.782 for VF. Virtually identical results were obtained for women.
Discussion
In this cross-sectional, analytic observational study we demonstrate the specific relationships between three different measures of adiposity and coronary artery calcification. This study demonstrated a striking disparity between men and women with respect to CCSs and all measures of body morphology. Specifically, in men, there was an increase in CCS for each quartile of all measures that was not present in women. In fact, in women the median CCS was zero until the highest quartiles and even then the increase was very modest. Importantly, in both groups these univariable relationships were significantly attenuated when adjustment for age and the remaining traditional cardiovascular risk factors was made.
The lack of significant findings between CCS and body morphology in women may be attributed to the median age for the appearance of CAC in this group and the fact that 60% had no demonstrable calcified disease. This distribution is congruent with previous reports that have shown the age at which the median CCS exceeds zero in women being between 55 and 59 y of age. 18 To see if the large proportion of women with zero calcium scores was skewing our results, we repeated the same analysis in women over the age of 57 y. In this analysis, we did find a stepwise gradient for CCS and each quartile of BMI, BF and VF. However, when adjustments were made for age and risk factors, the correlations between these variables was significantly attenuated with the results being very similar to those found for the entire cohort of women.
Parallel to the results just described, when all measures of body morphology were used to predict either the presence of or increasing amounts of CAC, all were significant predictors on multivariable analysis in men while only the highest quartile of BMI was so in women. Repeating the same analysis in women over the age of 57 y did not change these results suggesting that the degree and distribution of body adiposity does not influence the development of CAC to the same degree as in men. That is, only women with the highest levels of BMI seem to be at increased risk and the traditional cardiovascular risk factors may be more operative in this group.
Since adiposity was found to be only modestly correlated and predictive of CAC, it is likely that it is associated with CAC via other comorbidities. For example, increasing adiposity has been shown to increase the risk for CHD by increasing the prevalence of hypertension, hypertriglyceridemia, 19 hypercholesterolemia and type II diabetes mellitus.
In individuals with high levels of adiposity, LDL-c levels are higher while the density of this apolipoprotein is lower 19 with the latter being associated with increased risk for CHD. 20 Furthermore, low levels of HDL-c have been associated with higher rates of incident CHD 21 and inversely correlated with levels of visceral adiposity. 22 On the other hand, body morphology was independently associated (albeit modestly) with increased risk for the presence of and increasing amounts of CAC. These results suggest that there may be an independent effect of adiposity on the development of atherosclerotic calcification. Increasing total body and intra-abdominal adiposity has been associated with CRP levels in both men and women. 23 Visceral adipose tissue is physiologically active by secreting cytokines such as IL-6 into the portal vein which then stimulates the liver to secrete CRP. Recent studies suggest that CRP may be not only a marker of subclinical inflammation but also contribute to the development of atherosclerosis itself by stimulating tissue factor in macrophages 24 and activating complement. 25 This is supported by the finding that CRP has been positively associated with coronary calcium. 26 Furthermore, excess free fatty acids in the portal system may cause an increase in hepatic triglyceride synthesis as well as insulin resistance with resulting hyperlipidemia and glucose intolerance. 27 These results suggest that practitioners should consider the degree and distribution of adiposity in their patients when calculating CHD risk. Those who are either overweight (as measured by BMI) or who have an abundance of abdominal adiposity should be counseled that their risk for developing coronary artery disease is significantly increased. In men this increase is dramatic, 60-100% compared to those men who have a normal BMI or VF content. These patients should be offered aggressive weight reduction strategies while further examination of other cardiovascular risk factors would also be warranted since increased central adiposity is associated with several comorbities that increase risk for CVD. 28 Similar assessment and treatment strategies should be employed for women who are in the highest quartile for BMI.
Of additional clinical importance are the findings from the ROC analysis that demonstrate that in both men and women measures of body adiposity do not add to the discriminatory power for the presence or absence of CAC above that provided by the traditional cardiovascular risk factors. Since the presence of CAC has been associated with a 4.5-27.8-fold increase in risk for incident CHD, 12, 14, 29 individual assessment should therefore continue to focus on the risk factors as outlined in NCEP ATP III. 30 Several limitations of this study are worth noting. First, the study population is composed mostly of individuals who have sought preventive health services on their own volition. These individuals tend to be more concerned with their health status and as such are more likely to engage in health improvement activities. However, the distributions of adiposity in this study were similar to those found in national, community samples. 31 Additionally, the use of smoking as a categorical variable is less sensitive than that provided by the continuous form expressed typically in pack-years.
